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L. A. Harris, R. Raymond, Jr., and R. Gooley

Electron probe microanalysis (EPM) has important advantages over

conventional methods of analysis for organic sulfur in coal: analysis by

EPM is done directly, atoiding problems associated with calculating organic

sclfur content by difference; organic sulfur contents of individual

m~cerels can be measured in situ in a samp?e. A major problem with this— .—

tt”:hniquehas been finding a suitable sulfur starldard. We have rucently

pl?p{ir~da ~letrolcumcol”eand have fO(Jnd it to be a suitable standard.

~’,!!rlxeffects cirus~dby cltljordifferences irlcom;lnsiticn, structure,

al!:~icnsi!yhetwcwn orgi:nicand in~rg~nic Lompc~:Inris miILc inor:i,~nicminerals

(e.g., pyrite) undesirat)le as standards. Sutherland rpported on EpM

studies of organic sulfur in coal using I;yrite(FeS2) as a sulfur s’.andard.

!l!~wused a coflclondata reduction algorithm for mt)trix (7XF) corrections,..

then multiplied by ~ ‘litional factor to correct fur differences in

.- .—.. —
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obser:ed x-rzy inte~isities coused Ey extre=.edifferences in corn;losition

between Lhe standard and safi,plcs. Initial standardization to deriva the

correction factor for the particul~r instrur:entand conditions used was

time consuming, but once achieved, Sutherland suggested analytical time for

analysis of organic sulfur could be less than on~ hour.

Raymond and Gooley2 reported on organic sulfur contents of various

maceral types

sul~ur-bcaring

in coals, determined by EPM using small (75-20011m dia.),

carbon beads as a standard. The beads were origi’,ally

+rdicrecl at The Los AlaIms Scientific L~boratory for use in nllCIQarfuel

cells. They contain 4.1 wt.% sulfur, are stable uilder electron

boi;bdrd,~nt, and eliminate the undesirable matrix eff~cts common to

inurgdnic minerals. The beads wsre useful in studies involving re;ative

org~nic sulfur contents of varinus macerdl $.y;)es,but slight chemical

inhw;’oquncitirs butw[’en heiids m~dc cleke IIIIII(!nt of a bett~r standard

dusir,]ble,

Orgdnic sulfur con:ents of coals are typicdlly less than 2 wt.%, and

rarely abme 4 wt.%. Therefore, an idf?d? organic sulfur sLanat?rf;for [PM

would be a

;~oly:lulfonr

slan(:~rd,

hycirnctirbonthdt contains dtmut 4 wt.% sulfur. WP r~xamincda

resin (C27H22SU4, 9.2H wt.% S) for its i]f~untialiisa sulfur

Though cl:wniciillyhomogl’nrous, it is sunsitivc to clrctron



distillation of petroleum. Petroleum coke is produced by thermal

decomposition of the pitch. Chemical analyses of the pitch before coking

gave 92 wt.Z carbon, 3.9 wt.% sulfur, 2 wt.Z hydrogen, and 0.009 wt.% ash.

Petroleum pitch typically contains less than 11 minerhl matter.

He converted the petroleum pitch into coke in a batch autoclave by

heating it to 300”C for a few hours, raising the temper~ture to 37S°C for

five hours, and ftnally heating at 500°C for 24 hours. Loss of vulatile

constituents was minimized by constant refluxing during the coking pracess.

Chernicmalcanpositlons of cokes produced by this process vary little from

those of the starting pitches. This process essentially duplicates that of

a delayed coking oven.

We prepared a polished section of the product coke; a photomicrogrcph

is shown in Figure 1. Note the lamfllar structure of the c~ke (ani~otropic

in polarized light) and the largu void which is partially filled with ~

“secol]dphase.” The “second phase” is a plastic material that solidified

after the cok~ formed. Its compositinu is similar to th~ coke, but the

sulfur content may be as much as 1.5 wt.% higher.

ro remove the “second p!?ase” wc rrushrd the coke ,Ind boiled it

overnight iIIquinolinc. The product has thm k.shwi thoroughly In alcotml

and air dried. Th~ above is a stand,lrdmethod f’or removing unre,lcted

ph~lsesfrcmlcokes and does not affect thv sulfur in the rwwlirlirrgsinqlc

phas(?coko. Analyses made on a Lcco sulf’urantrlyzcr showd Lho sirlgl[l

pkasc cok[~to contain 3.56 ~ 0.04 wt.% sulfur.

USinrIt,hupetroleum cnkr as its own stanci,lr(iwo an~lyzed )00 r,ll]dom

arca~ of Lhe sample as a hmlogcrlritycheck, ignoriuq thu Iamollilrstructure

of th[’ cokr. Using ,1 t-statistics dpproacho w? dctcrmincd Lhilt.scvorl



standardization repeats ensure a standardization value of 3.56* 0.10 wt.%

at the 95% confidence level.

Discussion

In this paper w report on petroleum coke that is stable under an

electron beam and contains a uniform sulfur content, hence it is a suitable

standard for analysis of organic sulfur content of coal. It should be as

applicable for analysis of organic sulfur in other fossil fuels.

This standard is available for distribution,and may be attained by

contacting any of the authors.
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Fig. 1. Polarlzed, reflected light microphotograph of the product coke.

Note the lamellar structure of the coke, the large pore, and the second

phase material partially filling the pore.


